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(54) Apparatus and method for printing solder paste 

(57) A filling squeegee (10) and a scraping squee- 
gee (14a, 14b) are provided. The filling squeegee (10) is 
moved in a state without contact with a surface of a 
mask (3) thereby to fill a solder paste (7) in openings of 
the mask (3), then the unnecessary solder paste (7) on 
the surtace of the mask (3) is scraped by the scraping 
squeegee (14a). The sokler paste (7) is prevented from 
being filled in the openings Improperly or scraped 
improperly even if a speed of the squeegee is 
Increased, so that the solder psiste (7) is printed stably 
on circuit boards (5). 





r^-18 



3o 3 27 to 



CO 
CO 
LO 

CO 
00 



Primed by Xerox (UK) Business Services 
2.16.3/3.4 



3NSDOCiO: <EP 



0848S86A1 I > 



1 



EP 0 848 586 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus and a s 
method for printing, applying solder paste onto surfaces 
of circuit boatds to be printed. 

In the prior art of manufacturing electronic circuit 
boards, solder paste has been primarily used to solder 
electronic components such as chips or the like onto io 
printed boards. A solder paste printing apparatus has 
been employed to print, apply the solder paste in a 
required pattern. 

A squeegee head loaded to a conventional solder 
paste printing apparatus 100 is constituted, for instance, is 
as shown in Fig. 20. Generally, a squeegee head 102 
moves from left to right and from right to left in Fig. 20 
alternately for every printed board 5 to print the solder 
paste. A right squeegee 101a is used for printing in the 
right direction, namely, from left to right in Fig. 20, and a 20 
left squeegee 101b is for printing in the opposite left 
direction. 

An operation for printing the solder paste to the 
printed board 5 by the conventional solder paste print* 
ing apparatus 100 will be described with reference to 25 
Figs. 20-22. In Figs. 20-22, references respectively indi- 
cate: 3 a mask having openings 4 formed in a required 
pattern; 5 a printed board; 6 a land to which a solder 
paste 7 is printed; and 8 a solder resist. The above- 
mentioned required pattern of the mask 3 is a pattern in 30 
which openings 4 are formed corresponding to lands 6 
on the printed board 5. 

Firstly, in printing in the right direction, the printed 
board 5 is positioned and overlapped with the mask 3 so 
that the openings 4 agree with the lands 6. Thereafter. 35 
while the left squeegee 101b is kept raised, the right 
squeegee 101a is lowered to bring a squeegee front 
end part 103 in touch with a surface 3a of the mask 3 
with a suitable printing pressure. In this state, the right 
squeegee 101a is lineariy moved in the right direction. 40 
thereby to fill the solder paste 7 provided at the surface 
3a of the mask 3 into the openings 4 of the mask 3. The 
printed board 5 is separated from the mask 3 after the 
right squeegee 101a is moved to the right end of the 
mask 3, when the printing is finished. Meanwhile, in the 45 
case of printing in the left direction, the printed board 5 
is positioned and overlapped with the mask 3. similar to 
the akx>ve printing in the right direction. Then, the left 
squeegee 101b is descended while the right squeegee 
101a is held up. to bring the squeegee front end part so 
103 in touch with the mask 3. The operation afterwards 
is the same as in the case of printing in the right direc- 
tion. By repeating the operations in the right direction . 
and left direction alternately for every printed board 5. 
the solder paste 7 Is continuously printed, applied onto ss 
the lands 6 of each printed board 5 via the mask 3. 

In the conventional solder paste printing apparatus 
100. the squeegee 101a or 101b is moved white the 



front end part 103 of the squeegee is kept in touch with 
the surface 3a of the mask 3 with a suitable printing 
pressure. As is made clear from this fact, each of the 
conventional squeegees 101a, 101b executes two kinds 
of operations, i.e., a scraping operation of scraping the 
solder paste 7 at the surface 3a of the mask 3 and a fill- 
ing operation of filling the solder paste 7 to openings 4 
of the mask 3, which will be described with reference to 
Figs. 21 and 22. 

Rgs. 21 and 22 are enlarged views of the printing 
squeegee 101a, etc. when the printing is carried out in 
the right direction. As shown in Fig. 21. when the right 
squeegee 101a is descended to bring the front end part 
103 in touch with the surface 3a of the mask 3 and 
moved linearly in the right direction, the right squeegee 
101a reaching the solder paste 7 fed to the surface 3a 
of the mask 3 moves while scraping the solder paste. 
The scraped solder paste 7 flows accompanying a 
rotary movement called rolling as indicated by an arrow 
I in Rg. 22. At this time, a fluid pressure is generated 
inside the solder paste 7. When the right squeegee 
101a moves further right to reach the opening 4 of the 
mask 3 in the above condition, the solder paste 7 is 
pressed into the openings 4 because of the above- 
described fluid pressure, in other words, the solder 
paste 7 is filled in the openings 4. A pressure with which 
the solder paste 7 is pressed into the openings 4 will be 
denoted as a "filling pressure" hereinbelow. 

Supposing a coordinate system as shown in Fig. 23 
to the printing squeegee 101a, when a viscosity of the 
solder paste 7 Is 17. an angle of the surface 3a of the 
mask 3 to a face 104 of the printing squeegee 101a fac- 
ing the surface 3a (referred to as a "squeegee angle" 
hereinafter) is a, a speed of the moving squeegee 101a 
(referred to as a "squeegee speedy is v, It is known that 
a fluid pressure p produced inside the solder paste 7 Is 
expressed by an equation below. 

p=(2nv/r)*(Asine+Bcose) (1) 

wherein r is an optional position in the polar coordinate 
system of Fig. 23. 0 is an angle of the surface 3a of the 
mask 3 to the above r. A=sin^a/(a^-sin^a) and 
B=(a- sina*cosa)/(a^-slh ^a) . 

From the above expression (1). afluid pressure dis- 
tribution in the solder paste 7 and a pressure distribution 
at the face 104 of the printing squeegee 101a are as 
indicated in Fig. 24. Specifically, a shaded part 105 in 
Fig. 24 is where tiie fluid pressure p. namely, filling pres- 
sure is generated. 

In the meantime, a print time for printing the solder 
paste is required to be reduced in tiie printing process 
from the viewpoint of improving productivity. However, if 
the squeegee speed v is made faster in order to shorten 
the print time in the conventional solder paste printing 
apparatus 100. the amount of the solder paste 7 filled in 
the openings 4 of the nnask 3 becomes scarce as indi- 
cated in Fig. 25. resulting in printing failures with non- 
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filled parts 9 and hindering stable printing. The non- 
filled part 9 is not generally brought about, for example, 
if ink is printed in a method of screen printing, but is 
given rise to when a paste-like substance of a mixture of 
a high viscosity flux with powder solder, e.g., the solder 5 
paste 7 or the like is used. That is, the non-filled part 9 
is caused by the powder solder. In other words, there is 
an issue that it is impossible to realize a reduction of the 
print time through an increase of the squeegee speed v 
in the conventional solder paste printing apparatus 1 00. 10 

The non-filled part 9 resulting from an increase of 
the squeegee speed v is a phenomenon as follows. 
When the squeegee speed v is increased more than in 
the prior art. a time for the front end part 1 03 of the print- 
ing squeegee 101a to pass over the opening 4 is is. 
reduced. In consequence, a time for the solder paste 7 
to be filled in the opening 4 (referred to as a lill time") is 
naturally shortened. The filling pressure becomes max- 
imum when r^O, i.e., at a contact point of the front end 
part 1 03 of the printing squeegee 101a and the surface 20 
3a of the mask 3, as is understood from the expression 
(1) and Figs. 23 and 24. Although p^=Pq=co is theoret- 
ically held when r=0, the contact point is practically a 
stagnation point and accordingly shows a maximum 
value. 2S 

While the filling pressure Itself is raised when the 
squeegee speed v is increased, a high pressure range 
is narrow as is seen from the pressure distribution of the 
shaded part of Fig. 24. In addition, since the front end 
part 1 03 passes over the opening 4 instantaneously, the 
fill time cannot be secured enough. As a result of this, 
the non-filled part 9 is formed. 

In order to prevent an occurrence of the non-filled 
parts 9, from the expression (1). rt can be considered 
that the squeegee angle a should be reduced and at the 
same time, the filling pressure should be increased, 
whereby the filling is completed even in a short fill time. 
However, since the conventional printing squeegee 
101a performs two operations, namely, the filling opera- 
tion to the solder paste 7 and the scraping operation 40 
from the surface 3a of the mask 3 as described above, 
the front end p)art 103 is deformed large if the filling 
pressure is increased, making It impossible to scrape 
the solder paste 7 from the surface 3a of the mask 3. 
The solder paste 7 is left at the surface 3a of the mask 4S 
3, as shown in Fig. 26. In the event that the front end 
part 103 of the squeegee 101a is further tightly pressed 
in touch with the surface 3a of the mask 3 so as to pre- 
vent the sdder paste 7 from remaining at the surface 3a 
of the mask 3, as shown in Fig. 27, the solder paste 7 is so 
actually scraped, whereas the amount of the deforma- 
tion of the front end part 103 of the squeegee is 
increased due to the larger contact pressure. Therefore, 
when the front end part 1 03 reaches the opening 4, a 
part of the front end part 1 03 enters the opening 4 sub- ss 
sequent to the restoration of the front end part 103, 
undesirably scraping the solder paste 7 already filled in 
the opening 4. Moreover, the powder solder included in ' 



the solder paste 7 facilitates the scraping. The amount 
of the solder paste 7 filled in the opening 4 Is hence 
decreased, ot>structing stable printing. 

Under the circumstances, when a printing is per- 
formed, conventionally, a worker sets, adjusts and 
changes printing conditk>ns based oh experiments in 
order to fully achieve both the scraping operation and 
the filling operation and print the solder paste stately. In 
other words, the printing conditions are set. adjusted 
and changed with a great personal difference and to 
maintain stable printing is a hard task as an issue. 

SUMMARY OF THE INVENTION 

The present invention is devised to solve the above- 
described inconveniences, and has for its object to pro- 
vide a solder paste printing apparatus and a solder 
paste printing method whereby a sokder paste can be 
printed stably even when a print time is increased as 
compared with the prior art. 

In accomplishing these and other aspects, accord- 
ing to a first aspect of the present invention, there is pro- 
vided a solder paste printing apparatus wherein a 
squeegee device moves in a printing direction to a sur- 
face of a mask having openings formed therein, thereby 
to print and apply solder paste on the surface via the 
openings to a face of a circuit board positioned at a rear 
face of the mask, said squeegee device comprising: a 
filling squeegee having a front end kept in a noncontact 
3a state via a gap to the surface at the time of printing, and 
filling the solder paste into the openings while moving in 
the printing direction; and a scraping squeegee 
arranged behind the filling squeegee in the printing 
direction, waving in the same cfirection as the filling 
35 squeegee while keeping touch with the surface at the 
time of printing thereby to remove unnecessary solder 
paste on the surface. 

According to a second aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to the first aspect, wherein the scraping 
squeegee is provided for each direction behind the fill- 
ing squeegee with respect to the printing direction in a 
case where the squeegee reciprocates to the surface of 
the mask. 

According to a third aspect of the present invention, 
there is provided a solder paste printing apparatus 
according to the second aspect, whereiri the filling 
squeegee is divided to two in the printing direction. 

According to a fourth aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to any one of the first to third aspects, further 
comprising an angle setting device for setting the scrap- 
ing squeegee so that an angle of the scraping squeegee 
in an axial direction thereof to the surface of the mask is 
an optional acute or obtuse angle. 

According to a fifth aspect of the present invemion, 
there is provided a solder paste printing apparatus 
according to the fourth aspect, wherein the scraping 
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squeegee is inclined with the obtuse angle by the angle 
setting device. 

According to a sixth aspect of the present invention, 
there is provided a solder paste printing apparatus 
according to the fourth aspect, wherein the scraping s 
squeegee is inclined with the acute angle by the angle 
setting device thereby to fill the solder paste into the 
openings as well as remove the unnecessary solder 
paste. 

According to a seventh aspect of the present inven- io 
tion, there is provided a solder paste printing apparatus 
according to any one of the first to sixth aspects, 
wherein the scraping squeegee is disposed so that an 
ectending direction of a line of contact between the 
scraping squeegee and the surface of the mask Inter- is 
sects with an extending direction of a side edge part 
defining one of the openings. 

According to an eighth aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to any one of the first to seventh aspects, 20 
wherein a face of the filling squeegee opposite to the 
surface of the mask forms a filling pressuring face which 
is inclined upward from the front end in the printing 
direction so as to press the solder paste to the surface 
and fill the solder paste to the openings. 2s 

According to a ninth aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to the eighth aspect, further comprising a fill- 
ing adjustment device for adjusting tilting of the solder 
paste to the openings by varying at least one of a size of 30 
the gap and an intersection angle of the filling pressur- 
ing face and the surface. 

According to a tenth aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to the ninth aspect, further comprising a filling 35 
pressure detector for detecting a change of a filling 
pressure of the solder paste filled into the openings at 
the time of printing, and a control device for controlling 
the filling adjustment device t>ased on the filling pres- 
sure detected by the filling pressure detector. 40 

According to an eleventh aspect of the present 
invention, there is provided a solder paste printing 
apparatus according to the tenth aspect, wherein the f Bl- 
ing pressure detector is a reaction force detector for 
detecting a reaction force which is a sum of the filling 4S 
pressures of the solder paste acting to the whole filling 
pressuring face at the time of printing. 

According to a twelfth aspect of the present inven- 
tion, there is provided a solder paste printing apparatus 
according to the tenth aspect, wherein the filling pres- so 
sure detector is a pressure detector set at the filling 
pressuring face for detecting the filling pressure of the 
solder paste directly. . 

According to a thirteenth aspect of the present 
invention, there is provided a solder paste printing ss 
method comprising: moving a filling squeegee in a print- 
ing direction at time of printing while keeping a front end 
of the filling squeegee in a noncontact state via a gap to 



a surface of a mask having openings formed therein, 
thereby filling a solder paste on the surface to the open- 
ings; ar>d removing unnecessary solder paste on the 
surtece by a scraping squeegee moving in touch with 
the surface in the printing direction. 

According to a fourteenth aspect of the present 
invention, there is provkled a solder paste printing 
method according to the thirteenth aspect, wherein the 
scraping squeegee is set so that an angle of the scrap- 
ing squeegee in an axial direction thereof to the surface 
of the mask is an optional acute or obtuse angle. 

According to a fifteenth aspect of the preseril inven- 
tion, there is provided a solder paste printing method 
according to the fourteenth aspect, wherein, when the 
scraping squeegee is set with the obtuse angle, the 
scraping squeegee removes the unnecessary solder 
paste without adversely influencing the solder paste 
filled in the openings. 

According to a sixteenth aspect of the present 
invention, there is provided a solder paste printing 
method according to the fourteenth aspect, wherein, 
when the scraping squeegee is set with the acute angle, 
the scraping squeegee fills the solder paste to the open- 
ings as well as removes the unnecessary solder paste. 

According to a seventeenth aspect of the present 
invention, there is provided a solder paste printing 
method according to any one of the thirteenth to six- 
teerrth aspects, wherein the scraping squeegee is set 
so that an extending direction of a line of contact 
between the scraping squeegee and the surface of the 
mask intersects with an extending direction of a side 
edge part defining one of the openings. 

According to an eighteenth aspect of the present 
invention, there is provided a solder paste printing 
method according to any one of the thirteenth to seven- 
teenth aspects, wherein a face of the filling squeegee 
opposite to the surface of the mask forms a filling pres- 
suring face which is inclined upward from the front end 
in the printing direction so as to press the sokJer paste 
to the surface and fill the soWer paste to the openings. 

According to a nineteenth aspect of the present 
invention, there is provided a solder paste printing 
method according to the tenth aspect, wherein a 
change of a filling pressure of the solder paste when the 
solder paste is filled by the filling squeegee to the open- 
ings at the tiriie of printing is detected by a filling pres- 
sure detector, and at least one of an intersection angle 
of the filling pressuring face and the surface and a size 
of the gap is adjusted based on the detected filling pres- 
sure, thereby to change printing condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects arid features of the 
present invention will become dear from the fbtlbwing 
description taken in cohjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, in which: 
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Fig. 1 is a diagram showving the schematic structure 

of a solder paste printing apparatus according to 

one embodiment of the present invention; 

Fig. 2 is a diagram of a front end part of a filfing 

member of a filling squeegee of Fig. 1 ; 

Fig. 3 is a diagram of a model for obtaining a filling 

pressure of solder paste by the filling member of the 

filling squeegee of Fig. 1 ; 

Fig. 4 is a diagram of a pressure distribution 
obtained from the model of Fig. 3: 
Fig. 5 is a diagram of the filling member of the filling 
squeegee of Fig. 1 in a different embodiment; 
Fig. 6 is a diagram of the filling squeegee of Fig. 1 
in a different emfc>odiment; 
Fig. 7 is a diagram of the filling member of the filling 
squeegee of Fig. 1 in a yet different embodiment; 
Fig. 8 is a flow chart of the operation of the solder 
paste printing apparatus of Fig. 1 ; 
Fig. 9 is a diagram of a modified exannple of the sol- 
der paste printing apparatus in Fig. 1 ; 
Fig. 10 is a diagram of an arrangement relation 
between a line of contact of the scraping squeegee 
and mask, and the opening in the solder paste 
printing apparatus of Fig. 9; 
Fig. 11 is a diagram of a state when the solder 
paste is scraped while a side face of the scraping 
squeegee is set at an obtuse angle to a surface of 
the mask in the solder paste printing apparatus of 
Fig. 9; 

Fig. 12 is a diagram of a model explanatory of why 
the solder paste is scraped by the scraping squee^ 
gee of Fig. 1 1 ; 

Fig. 13 is a diagram of a state when the solder 
paste is filled in the openings while the side face of 
the scraping squeegee is set at an acute angle to 
the surface of the mask in the solder paste printing 
apparatus of Fig. 9; 

Fig. 14 is a diagram when the angle of the side face 
of the scraping squeegee to the surface of the mask 
is changed variously in the solder paste printing 
apparatus of Fig. 9; 

Fig. 1 5 is a diagram when the angle of the side face 
of the scraping squeegee to the surface of the mask 
is changed variously in the solder paste printing 
apparatus of Fig. 9; 

Fig. 16 is a diagram when the angle of the side face 
of the scraping squeegee to the surface of the mask 
is changed variously in the solder paste printing 
apparatus of Fig. 9; 

Fig. 17 is a diagram of a further modification of the 
solder paste printing apparatus of Fig. 1 ; 
Fig. 1 8 is a perspective view of a filling member of a 
filling squeegee in the solder paste printing appara- 
tus of Fig. 1 7; 

Fig. 19 is a sectional view of the filling member of . 
Fig. 18; 

Fig. 20 is a diagram showing the schematic struc- 
ture of a conventional solder paste printing appara- 



tus; 

Fig. 21 is a diagram showing a state when printing 
is conducted with the use of a squeegee of Fig. 20; 
Rg. 22 is a diagram of a state when the solder 
5 paste is filled in tiie openings by the squeegee of 
Rg. 20: 

Rg. 23 is a diagram of a nrKXiel for obtaining a filling 
pressure produced to the solder paste by tiie 
squeegee of Fig. 20; 
10 Fig. 24 is a diagram of a distribution of a filling pres- 
sure generated in the solder paste by the squeegee 
off Fig. 20; 

Rg. 25 is a diagram of a state when non-filled parts 
are brought about in tiie openings of the mask; 
IS , Rg. 26 is a diagram of a state where the solder 
paste is left on the surface of the mask when a front 
end part of the squeegee of Fig. 20 is deformed 
large; 

Fig. 27 is a diagram of a state where the solder 
20 paste filled in the openings is scraped when the 
front end part of the squeegee of Fig. 20 is 
deformed large; 

Rg. 28 is a diagram of a state when a reaction force 
detector is set to the printing squeegee in the con- 
25 ventional solder paste printing apparatus of Rg. 20; 
and 

Rg. 29 is a diagram explanatory of how the reaction 
force detector of Rg. 28 cannot detect a reaction 
force of the solder paste. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before the description of the present invention pro- 
35 ceeds, it is to be noted that like parts are designated by 
like reference numerals throughout the accompanying 
drawings. 

An apparatus and a method for printing a solder 
paste according to one embodiment of the present 

40 invention will be described with reference to the draw- 
ings. The printing method is carried out by the printing 
apparatus. Parts functioning the same or similariy are 
designated by the same reference numerals throughout 
the drawings, the description of which will be omitted 

45 here. In the specification, a solder paste is a paste-like 
solder obtained by mixing powder solder with a high vis- 
cosity flux. An up-down driving device 1 1 and an angle 
variatDle device 12 for a filling squeegee 10 which will be 
described later correspond to an embodiment fulfilling 

so the function of the filling adjustment device. A reaction 
force detector 13 and pressure detectors 532a. 532b to 
be described later correspond to an embodiment 
achieving the function of the filling pressure detector. 
Rg. 1 is a schematic diagram in the neighborhood 

ss of a squeegee in a solder paste printing apparatus 51 of 
the embodiment. The squeegee moves both in the right 
and In the left directions In the solder paste printing 
apparatus 51 . 
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In acidition to a scraping squeegee 14a for use in 
printing in the right direction and a scraping squeegee 
14b for use in printing in the left direction, the solder 
paste printing apparatus 51 has a filling squeegee 10 
arranged at a position between the squeegees 14a and 
14b in a printing direction for filling a solder paste 7 to 
openings 4 of a mask 3. 

Each of the scraping squeegees 14a, 14b scraping 
unnecessary solder paste 7 on the mask 3 at the time of 
printing is moved up and down between a standby posi- 
tion 18 and a scrape position 19 by an up-down driving 
device 15, 16 mounted to a bed plate 1 7 of a squeegee 
head constituting the printing apparatus 51. The bed 
plate 17 is moved in the left, right printing direction by a 
driving device 49 controlled by a control device 48. In 
Fig. 1 showing a state when the printing is conducted in 
the right direction, the scraping squeegee 14a is low- 
ered to the saape position 19, while the scraping 
squeegee 14b is raised at the standby position 18. 
When the scraping squeegee 14a, 14b is at the scrape 
position 19. a front end part 20 of each squeegee 
comes in touch with a surface 3a of the mask 3 so that 
a suitable pressure is impressed to the surface 3a. 
Although a side face 21 of the front end part 20 of each 
of the scrape squeegees 14a. 14b is indicated to extend 
orthogonally to the surface 3a in Fig. 1 , the side face 21 
of each of the squeegees 14a. 14b is inclined at the 
actual time of printing with an optional acute or obtuse 
angle to the surface 3a of the mask 3. for example, as 
shown in Figs. 11, 13, thereby scraping unnecessary 
solder paste 7 on the surface 3a. The unnecessary sol- 
der paste 7 on the surface 3a is a solder paste present 
swelling over the surface 3a and openings 4 at the sur- 
face 3a and openings 4 of the mask 3. 

The driving device 49 and up-down driving devices 
15, 16 are respectively connected to the control device 
48 controlling operations of the solder paste printing 
apparatus 51. 

The filling squeegee 10 schematically has a filling 
member 22 and a holding member 23 holding the filling 
memt>er 22 and is coupled via the reaction force detec- 
tor 13 to a driving shaft 11a of an up-down driving 
device 1 1 therefor mounted to the bed plate 1 7. The up- 
down driving device 11 is connected to the control 
device 48 and driven via the control device 48 based on 
output information from the reaction force detector 13 
thereby to move the driving shaft 1 la up and down as 
will be described in detail later. 

In the embodiment, one filling squeegee 10 is pro- 
vided for both, right and (eft printing directions. The ffll- 
ing member 22 is formed schematically in the shape of 
the bottom of a ship as shown in the figure. A face at a 
front end part of the filling member 22 opposing the sur- 
face 3a constitutes, as is illustrated in a detailed manner 
in Fig. 2, a filling pressuring face 25 inclined upward 
from a front end 24 of the filling member 22 to each 
printing direction; The filling member 22 can be formed 
of rubber, metal or the like material used in the conven- 



tional squeegees. On the occasion of printing, the filling 
squeegee 10 is arranged so that the front end 24 has a 
gap H2 of a size h2 to the surface 3a. and moreover, an 
intersecting part 26 between a side face 22a at the side 
5 of the printing direction of tiie filling member 22 and the 
filling pressuring face 25 assumes a gap HI of a size hi 
to the surface 3a. 

Owing to the filling squeegee 10 with the above- 
described filling member 22 and the scraping squee- 
10 gees 14a. 14b provided in the apparatus, a part 9 is 
never left without being filled with the solder paste 7 in 
tiie openings 4 of the mask 3 unlike the conventional 
apparatus even when a squeegee speed of the filling 
squeegee 10 is increased, and stable printing is 
75 achieved. The reason for this will be described below. 

The filling pressure generated when the solder 
paste 7 is filled in the openings 4 by the filling squeegee 
10 will be depicted with reference to Fig. 2. In the state 
shown in Fig. 2, when the filling squeegee 10 is moved 
20 right as indicated by an arrow, the solder paste 7 enters 
from the side of the gap HI to the filling pressuring face 
25 of tiie filling member 22 and flows out of the gap H2. 
This phenomenon can be explained by an example of a 
flow of a substance entering a narrow wedge-like gap. 
25 and concretely, a model shown in Fig. 3 is used here to 
depict the phenomenon. The model is a generally 
known one used in the description of fluid lubrication at 
a tjearing or the like and is approximate to the filling 
member 22 of the right half from the gap H2 to the gap 
30 HI. In Fig. 3, supposing that a size of a gap at the 
entrance side of a fluid between a wall body 301 and a 
reference face 302 is h^ . a size of the gap at the exit side 
is hg, a distance between the entrance and exit gaps is 
U a size of a gap between the wall body 301 and refer- 
36 ence face 302 at a distance x from the entrance gap is 
h, a speed of the moving wall t>ody 301 is v, and a vis- 
cosity of the fluid is t|. a pressure p' generated because 
of a flow of the fluid at the distance x is expressed by the 
following equation. A distribution of the pressure p- is as 
40 shown in Rg. 4, as is well known. 

p'=(6ii vLy{h , ^-h 2 ^))*((h 1 -h)(h.h 2)/h 2) (2) 

The filling pressure and a pressure dtstiibution gen- 
45 erated to the sokier paste 7 by tiie filling member 22 of 
the filling squeegee 10 can be considered in the same 
way In comparing a shaded part 303 in Fig. 4 witti tiie 
shaded part 1 05 in Fig. 24. it is clear tiiat tiie filling pres- 
sure is generated high in a wide range with the employ- 
50 ment of the filling squeegee 10. Accordingly, the solder 
paste is perfectly filled into tiie openings 4 even if tiie fill 
time is short. A filling defect or failure such as the non- 
filled part. etc. is never brought about even at an 
increased squeegee speed, thus accomplishing stable 
55 printing. 

The above-described filling member 22 is held by . 
the holding merhber 23 in a manner to be able to swing 
both in the right and in the left prihtirig directiorls at a pin 
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27 coaxial with the driving shaft 11a. As wiil be 
described later, the holding member 23 Is provided with 
the angle variable device 12 such as a motor or a cylin- 
der so as to make variable an intersection angle of the 
filling pressuring face 25 of the filling member 22 and 
the surface 3a of the mask 3 and maintain the filling 
member 22 which can swing centering the pin 27, prop- 
erly at the intersection angle. One end of a main body of 
the angle variable device 12 is supported rotatably by 
the holding mender 23 and a front end part of a driving 
shaft 12a which can move forward and backward to the 
main body is rotatably coupled to a shoulder part 22a of 
the filling member 22. Therefore, the filling member 22 
swings at a fulcrum of the pin 27 when the driving shaft 
1 2a is moved fonward and backward. The angle variable 
device 12 is also connected to the control device 48. 
changing the intersection angle by advancing or retreat- 
ing the driving shaft 12a under the control of the control 
device 48. 

According to the present embodiment, the holding 
member 23 is connected to the driving shaft 1 la of the 
up-down driving device 1 1 via the reaction force detec- 
tor 1 3 such as a load cell so as to detect a reaction force 
acting to the filling pressuring face 25 of the filling mem- 
ber 22 via the solder paste 7 at the time of printing. The 
reaction force cannot be detected simply by providing 
the conventional solder paste printing apparatus with 
the reaction force detector 13. The reason will be dis- 
cussed with reference to Fig. 28. The front end part of 
the conventional printing squeegee 101a moves while 
keeping touch with the surface 3a of the mask 3. and 
consequently is deformed large due to a friction, as 
shown in Fig. 29. What's worse, a contact point between 
the front end part of the squeegee 101a and the surface 
3a of the mask 3 is not present on a vertical direction of 
the reaction force detector. When the contact point of 
the squeegee 101a is pressed up by the reaction force 
of the solder paste 7. an end part of the squeegee 101a 
at the side opposite to the contact point is pulled 
towards the mask 3. The reaction force detector virtually 
detects this tensile force to the rrask 3 in spite of the 
reaction force by the solder paste 7 acting to the squee- 
gee 101a. The reaction force detector hence cannot 
detect the reaction force of the solder paste 7. In con- 
trast, the filling squeegee 10 of the printing apparatus 
51 of the embodiment moves without touch with the sur- 
face 3a of the mask 3, whereby the reaction force of the 
solder paste 7 can be detected. 

As is clear from Fig. 3 and expression (2), the reac- 
tion force acting to the filling pressuring face 25 can be 
obtained by integrating the pressure p* in a range of 
x=0-L . A state of the filling pressure can be known from 
the reaction force of the solder paste 7 detected by the 
reaction force detector 13. Moreover, the pressure p' 
can be changed by adjusting the sizes hi and h2 of the 
gaps HI and H2, as Is understood from the expression 
(2). and the sizes hi and h2 can be adjusted by driving 
at least either of the up-down driving device 11 and 
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angle variable device 1 2 of the squeegee 10. 

For the above purpose, the reaction force detector 
13 is connected to the control device 48. The control 
device 48 controls the drive of the up-down driving 

5 device 1 1 based on information of the reaction force 
detected by the reaction force detector 13 thereby to 
move the filling member'22 up/down via the driving 
shaft 1 1 a so as to adjust the size h2 of the gap H2 or the 
size hi of the gap HI to prevent the non-filled part 9 

10 from being formed in the openings 4 of tiie mask 3. or 
the drive of the angle variable device 12 to adjust the 
intersection angle. For example, even if physical proper- 
ties of the sokier paste 7, particularly the viscosity r\ is 
changed due to an environmental change or the like 

IS influence and the filling pressure is changed or. the kind 
of the, solder paste 7 is changed when the type of prod- 
ucts is to be switched, etc.. the control device 48 oper- 
ates at least one of the up-down driving device 1 1 and 
angle variable device 12 so that the information of the 

20 reaction force of the solder paste 7 detected by the 
detector 1 3 is approximated to a preset reaction force 
value or a reaction force value before the type is 
switched. In this manner, at least one of a heighrt of the 
filling squeegee 10 and the intersection angle is 

25 changed and the sizes hi and h2 are adjusted, in other 
words, printing conditions are automatically adjusted 
and changed, achieving stable printing. The controlling 
to the up-down driving device 11 and angle variable 
device 12 by the control device 48 may be carried out in 

30 real time along with the movement of the filling squee- 
gee 1 0 or for every circuit board or at every time of print- 
ing. 

The prirtting conditions are thus automatically 
adjusted and changed, maintaining stable printing and 

35 shortening a work time. 

Although the filling pressuring face 25 of the filling 
member 22 of the filling squeegee 10 is flat in the 
embodiment, the face 25 is not limited to this, but may 
be a curved face projecting to the surface 3a as exem- 

40 plified in Fig. 5. In other words, a shape of tiie filling 
pressuring face 25 is not specified so long as the size 
hi of tiie gap between the filling pressuring face 25 and 
the surface 3a of the mask 3 is larger than the size h2 
with respect to the printing direction, i.e., h1>h2 is satis- 

45 fied. At tiie same time, the front end 24 of tiie filling 
member 22 may be sharp as in Fig. 2 or flat parallel to 
the surface 3a over a suitable length in the printing 
direction as shown in Fig. 7. 

The reaction force detector 13 and angle variable 

50 device 1 2 can be set at any positions so long as respec- 
tive functions are fulfilled, not restricted to the above- 
described positions. 

. . . Since the printing apparatus 51 is a type moving 
both in the right and left directions, the printing appara- 

55 tus is equipped with two scraping squeegees 14a. 14b. 
The printing apparatus may be a type moving in either 
direction only, and in that case, the scraping squeegee 
14a or 1 4b corresponding to the moving direction is pro- 
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vided. 

In the present printing apparatus 51. the filling 
member 22 of the filling squeegee 10 is formed to be 
symmetric right and left and the same filling squeegee 
10 is used for both printing directions. However, as s 
shown in Fig. 6. the filling squeegee may be divided to a 
right filling squeegee 305a and a left filling squeegee 
305b to operate and print individually. To install two fil- 
ing squeegees 305a, 305b has the following merit. In 
the case of the single filling squeegee 10, when the io 
height or the intersection angle of the squeegee 10 is 
not controlled in real time, but is set before the printing 
is started, and if the height or intersection angle of the 
squeegee 10 is changed during printing in the right 
direction, the up-down driving device 1 1 or angle varia- is 
ble device 12 should be operated before the start of the 
left printing in order to obtain the same printing condi- 
tions in the left printing as well. To contrary, when two 
filling squeegees 305a, 305b are provided, the up-down 
driving devices 1 1 and angle variable devices 1 2 can be 20 
driven separately beforehand in accordance with the 
printing directions. 

The operation when the solder paste is printed with 
the use of the above- constituted printing apparatus 51 
will be described with reference to Fig. 8. The up-down 25 
driving device(s) 1 1 and angle variable device(s) 12 are 
controlled in real time in the description hereinbelow. 

The following operations are carried out in step 1 
(indicated by "Sr in Fig. 8). A predetermined amount of 
the solder paste 7 is supplied to the surface 3a of the so 
mask 3. When the printing is performed in the right 
direction, the printed board 5 is positioned and over- 
lapped with the mask 3 and the filling squeegee 10 and 
right scraping squeegee 14a are descended respec- 
tively by the up-down driving devices 1 1 and 15. Al tNs 3S 
time, the front end part 20 of the scraping squeegee 14a 
is brought in touch with the surface 3a of the mask 3 
with a suitable pressing force. The filling squeegee 10 
is, as shown in Fig. 2, not in touch with the surface 3a of 
the mask 3, securing the gap H2 of the predetermined 40 
size h2. The squeegee 10 is moved down so that the 
gap H2 is located behind the supplied solder paste 7 in 
the printing direction. 

In step 2, while the state is maintained, the bed 
plate 1 7 is n>oved right by the driving device 49 and the 4S 
filling squeegee 10 and scraping squeegee 14a are 
moved linearly in the right printing direction. The filling 
of the solder paste 7 to the openings 4 of the mask 3 by 
the filling squeegee 10 is thus started. 

The reaction force acting to the filling squeegee 10 so 
is detected by the reaction force detector 13 in step 3. 
Whether or not the detected reaction force is. for exam- 
pie, within the preset reaction force value as described ■ . . 
before is judged in step 4. When the detected reaction 
force is outside a proper range, the control device 48 ss 
drives at least one of the up-down driving device 11 and 
angle variable device 12 to bring the detected reaction 
force within the proper range in step 5< At least one of 



. the height and the intersection angle of the filling squee- 
gee 10 Is changed accordingly. 

In step 6, a layer of the solder paste 7 formed on the 
surface 3a of the mask 3 because of the gap H2 of the 
filling squeegee 10 is saaped by the scraping squee- 
gee 14a. Through the scraping by the scraping squee- 
gee 1 4a, the unnecessary solder paste 7 on the surface 
3a of the mask 3 is removed, so tiiat the solder paste 7 
filled In the openings 4 to s^fell over the surface 3a is 
turned to be even with the surface 3a. 

Thereafter, the printed board 5 is separated from 
the mask 3 to print the solder paste 7. In the left printing 
similar to the right printing, after the printed board 5 is 
positioned and overlapped with the mask 3, the filling 
squeegee 10 and the left scraping squeegee 14b are 
bwered by the up-down driving devices 11 and 16. In 
this case also, the front end part 20 of the saaping 
squeegee 14b are brought in touch with the surface 3a 
of the mask 3 with a suitable pressing force, while the 
filling squeegee 10 is not in direct touch with the surface 
3a of the mask 3 with maintaining the gap H2 of the pre- 
determined size h2. The filling squeegee 10 is lowered 
so that the gap H2 is positioned behind the solder paste 
7 in the printing direction leftward. The subsequent 
operations are carried out in the same manner as in the 
right printing. 

The above-desaibed printing operations are 
repeated alternately, whereby the solder paste 7 is con- 
tinuously printed and applied on lands 6 of the printed 
board 5 via the mask 3. 

According to the present enribodtment the side face 
21 of the scraping squeegee 1 4a, 14b is inclined with an 
optional acute or obtuse angle to the surface 3a of the 
mask 3 at the time of actual printing thereby to scrape 
unnecessary solder paste 7. However, the scraping 
squeegee 14a. 14b may be inclined beforehand axially 
to the surface 3a of the mask 3. concretely, so that the 
side face 21 of the squeegee 14a. 14b may be inclined 
beforehand with an optional acute or obtuse angle, as 
will be described hereinbelow. 

More specifically, in a solder paste printing ai3para- 
tus 501 shown in Fig. 9. the scraping squeegees 14a, 
14b are held by holders 507, 510 which are set to hold- 
ing members 506. 509 fitted to driving shafts 15a, 16a 
of the up-down driving devfces 15, 16 via pins 505. 508. 
The pins 505. 508 are arranged coaxially with the driv- 
ing shafts 15a. 16a, supporting the holders 507, 510 so 
that the holders 507. 510 can swing in the left and right 
printing directions to the holding members 506. 509. In 
consequence, the side face 21 of each scraping squee- 
gee 1 4a. 14b can be set to the surface 3a of the mask 3 
with an optional angle In a range from an acute angle to 
right angles to an obtuse angia The pins 505. 508 are, 
for instance, constituted of clamping members such as 
bolts and nuts. The holders 507, 510 are stopped to 
swing and the squeegees 14a, 14b are fixed at the 
optional angle by dampirig of the pins 505, 508. 

The holders 507, 510 may be adiapted to swing 
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centering the pins 505, 508 by a known mechanism from the side face 21 is acute to the surface 3a as com- 

using, e.g., a motor or the like thereby to be fixed at the pared with the front end part 20 of the scraping squee- 

optional angle. gee 14b being brought in touch with the surface 3a, 

As described hereinabove, the pins 505. 508. hold- even though an angle of the side face 21 is set to be 

ing members 506. 509 and holders 507. 510 constitute s obtuse or right angle, the effect similar to that In a case 

angle setting devices 502. 503 for the scraping squee- where the angle is acute can be obtained. The solder 

gees 14a, 14b. paste 7 is filled to the openings 4 mainly by the filling 

The solder paste printing apparatus 501 of Fig. 9 is squeegee 10, while the scraping squeegee 14a. 14b 

in the same constitution except the above points as the assists the filling. Therefore, it is enough that the filling 

printing apparatus 51 described with reference to Fig. 1 . io pressure generated by the scraping squeegee 1 4a. 1 4b 

In the case where the side face 21 of the scraping is smaller than that of the filling squeegee 10. thereby 

squeegee 14a. 14b is set. for example, at an obtuse allowing the side face 21 of the squeegee 14a, 14b to 

angle to the surface 3a of the mask 3. as indicated In be set with a large angle, without inviting the issue as 

Fig. 1 1, the unnecessary solder paste 7 on the surfece when the squeegee angle a is reduced in the conven- 

3a can be renrxsved without Influencing to the utmost the is tional squeegee. The non-filled part 9 can be prevented 

solder paste 7 filled in the openings 4 of the mask 3 by even when the squeegee speed is enhanced, and sta- 

the filling squeegee 10. The reason will be made clear ble printing can be achieved. 

with reference to Fig. 12 showing a general shearing Further, as Indicated In a schematic view of an 
model of cutting a structure 521 by a tool 520. When the upper face of the mask in Fig. 10, the scraping squee- 
structure 521 is cut by the tool 520 as shown as the 20 gee 14a, 14b is preferably arranged so that a line of 
above model, a shear force by the tool 520 ads mainly contact 515 between the front end part 20 of the squee- 
to an upper part than a finish face 522, namely, a gee and the surface 3a of the mask 3 is not parallel to 
shaded shear area 524 in Fig. 12. That is. the shear . an extending direction of a side edge part defining the 
force acts only to a portion which becomes a chip part opening 4 in the mask 3. The openings 4 of the mask 3 
523. Therefore, in Fig. 1 2, if the tool 520 Is replaced with zs are sometimes formed in a pattern so that the extending 
the scraping squeegee 14a, I4b. the work 521 lower direction of the side edge part defining the opening 4 is 
than the finish face 522 with the solder paste 7 tilted in linear and a straight part 4a is formed having its extend- 
the openings 4, and the chip part 523 with the unneces- ing direction orthogonal to a printing direction shown by 
sary solder paste 7 on the surface 3a, the shear force an arrow. In this state, if the scraping squeegee 14a. 
acts solely to the unnecessary solder paste 7 on the 30 14bismovedintheprintngdirection while an extending 
surface 3a when the side face 21 of the scraping squee- direction of the line of contact 515 is orthogonal to the 
gee is set at an ot)tuse angle, and accordingly the printing direction, namely, the extertding direction of the 
unnecessary solder paste 7 on the surface 3a can be line of contact 515 is in parallel to the extending direc- 
removed without affecting the solder paste 7 filled in the tion of the straight part 4a, the front end part 20 of the 
openings 4. 35 scraping squeegee 14a, 14b is caught by the straight 
On the other hand, when the side face 21 of the part 4a of the opening 4 of the mask 3, whereby the 
scraping squeegee 1 4a, 1 4b is set to be an acute angle front end part 20 or opening 4 is possibly broken. There- 
to the surface 3a of the mask 3, the following effect is fore, the scraping squeegee 1 4a, 14b is preferably fitted 
obtained. For instance, even when the solder paste 7 is to the driving shaft 15a. 16b of the up-down driving 
filled insufficiently by the filling squeegee 10 to the 40 device 15, 16 so that an angle 516 of the extending 
openings 4 thereby forming the non-filled parts 9, the direction of the line of contact 515 to the extending 
solder paste 7 can be surely filled in the openings 4 by direction of the straight part 4a is acute or an angle 517 
the scraping squeegee 14a. 1 4b with the acute angle. is obtuse to let the extending direction of the line of con- 
That is. when the scraping squeegee 14a, 14b is set tact 515 intersect with the extending direction of the side 
with the acute angle as in Fig. 13. not only the filling 45 edge part defining the opening 4. The above angle 516 
squeegee 10, but the scraping squeegee 14a, 14b sup- is preferably approximately 1 to 45'', most preferably 
plementarily produces the filling pressure. Therefore. 45**. 

the scraping squeegee 14a. 14b can be effective to re- The scraping squeegee 14a, 14b may be fitted to 

fill the solder paste 7 to the openings 4 where the non- the driving shaft 1 5a. 1 6b in a manner to make the angle 

filled parts 9 are present and at the same time, remove so 516. 51 7 changeable. 

the unnecessary solder paste 7 on the surface 3a. In the foregoing embodiment the scraping squee- 

As shown in Figs. 14-16, the same effect as gee 14a, 14b is orientated to the mask 3 so that the 

described above can be attained also when tiie side openings 4 of the mask 3 are not parallel to the extend- 

face 21 Is set with an obtuse angle or right angles to the ing direction of tiie line of contact 51 5. Opposite to the 

surface 3a. That is, when, depending on the corrfigura- 55 above, the mask 3 may be shifted to the scraping 

tion of the front end part 20 of each of tiie squeegee squeegee 14a, 1 4b so as to make the straight part 4a 

14a. 14b, an angle of the face 21a which is arranged not parallel to the line of contact 515 with the extending 

beforehand in ti^e printing direction and is separated directionof tiie line of contact 51 5 kept orthogonal to the 
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printing direction. 

In the event that the openings 4 of the mask 3 are 
formed in pattern not to have the straight parts 4a paral- 
lel to the extending direction of the line of contact 515. it 
is unnecessary to orient the scraping squeegee 14a. 
14b. for exanple. to assume the acute angle 516. 

In the embodiment as above, the reaction force 
detector 1 3 is set to the driving shaft 1 1 a of the up-down 
driving device 11 for the filling squeegee 10 to detect 
the reaction force of the solder paste 7 acting to the 
whole face of the filling squeegee 10. However, the fill- 
ing pressure by the solder paste 7 to the opening 4 can 
be detected directly in a constitution as will be 
described below. 

In a solder paste printing apparatus 535 shown in 
Fig. 17, a filling squeegee 530 corresponding to the 
above filling squeegee 10 generally includes, similar to 
the filling squeegee 10, a filling member 531 corre- 
sponding to the filling member 22 and a holding mem- 
ber 23 holding the filling member 531 . and is coupled to 
the driving shaft 1 la of the up-down driving device 11. 
for the filling squeegee 530. mounted to the bed plate 
1 7. The up-down driving device 1 1 is connected to a 
control device 536 and is driven via the control device 
536. as will be detailed later, based on information of 
outputs of a pressure detector 532a or 532b such as a 
pressure detecting sensor thereby to raise or lower the 
driving shaft 1 1 a. 

As shown in Figs. 18 and 19, the pressure detector 
532a. 532b is txjilt in the filling member 531 in the vicin- 
ity of approximately the center in an axial direction of the 
filling member 531 and at a front end part 534 of the fill- 
ing member 531 inside a filling pressuring face 533. The 
pressure detector 532a. 532b is set at a position where 
the solder paste 7 is present at the time of printing so as. 
to detect the filling pressure generated when the solder 
paste 7 is filled in the openings 4 by the filling squeegee 

530. At least one detector is provided for each filling 
pressuring face 533. As described earlier, the filling 
pressure shows a maximum value in tiie distribution in 
the vicinity of the front end 534 of the filling member 

531 . and therefore the pressure detector 532a, 532b is 
preferat>ly set in the vicinity of the front end 534 of the 
filling member 531. Moreover, in order to more correctly 
detect the filling pressure, the pressure detector 532a. 
532b is built in the filling member 531 so as to have Its 
pressure detection face exposed to the filling pressuring 
face 533 as illustrated in the drawings. 

The other structure of the solder paste printing 
apparatus 535 in Fig. 17 is equal to those of the solder 
paste printing apparatuses 51 , 501 shown in Figs. 1 and 
9. except the above points. 

A difference of the reaction force detector 13 of the 
printing apparatus 51 and the pressure detectors 532a. 
532b of the printing apparatus 535 in the above embod- 
iments will now be described. Although both detectors 
are Installed to detect a state change of the filling pres- 
sure of the solder paste 7 at the time of printing, the 



pressure detector 532a. 532b directiy detects the filling 
pressure, whereas the reaction force detector 13 
detects the reaction force which is a sum of the filling 
pressures acting to the whole face of the filling pressur- 
5 ing face 25. in other words, detects the filling pressure 
indirectly. 

Even when the filling pressure is the same, tiie 
reaction force detector 13 detects the reaction force dif- 
ferent in accordance with an area of the filling pressur- 

10 ing face 25. For example, if a size of the filling member 
22 is changed to fit the printed board 5, it takes a tot of 
labor to refer to the previously accumulated information 
of reaction forces, thus causing to reproduce printing 
conditions. Needless to say. It is easy to refer to the pre- 

is viously accumulated information unless the area of the 
filling pressuring face 25 is changed when the same fill- 
ing member 22 is used. On the other hand, since the fill- 
ing pressure is detected directiy with the use of tiie 
pressure detector 532a. 532b, the previously detected 

20 information of pressures can be readily referred to even 
if the filling member 531 is changed in size, whereby 
printing conditions can be reproduced easily, which is 
preferable. 

The thus-constituted printing apparatus 535 oper- 
as ates in the same manner to print the solder paste as the 
printing apparatus 51 of the above embodiment. Funda- 
mentally, the "reaction force" in steps 3, 4 in Fig. 8 is 
replaced with the "pressure". More specif Ically, the filling 
pressure generated when the solder paste 7 is filled in 
30 the openings 4 by the filling squeegee 530 is detected 
by the pressure detector 532a in step 3. and whether or 
not the detected pressure is. for instance, within a pre- 
liminarily set value range is judged in step 4. If the 
detected pressure is outside the proper range, in step 5, 
35 the control device 536 drives at least one of the up- 
down driving device 1 1 and angle variable device 12 so 
as to set the detected pressure in the proper range. In 
consequence, at least one of the height and intersection 
angle of the filling squeegee 530 is changed. 
40 The other operations than the above are the same 
as in the printing apparatus 51 . The solder paste 7 is 
continuously printed and applied onto lands 6 of the 
printed board 5 via the mask 3 through the alternate 
repetition of the above operations. 
45 In the foregoing description, only one of the reac- 
tion force detector 13 and the pressure detectors 532a. 
532b is arranged in the apparatus. However, both of the 
detectors may be set in the printing apparatus to detect 
both the reaction force and the filling pressure. 
so According to the solder paste printing apparatus 
accordinlg to the first aspect of the preserft Invention and 
the solder paste printing method according to the sec- 
ond aspect of the present Invention, as Is fully described 
ak>ove. the filling squeegee and scraping squeegees are 
55 provided. The filling squeegee is moved in a state with- 
out contact with the surface of the mask thereby to fill 
the solder paste In openings of the mask, then tiie 
unnecessary solder paste on the mask Is removed by 
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the scraping squeegee. Accordingly, the solder paste is 
prevented from being filled in the. openings defectively 
or scraped improperly even when the squeegee speed 
is increased, so that the solder paste can be printed sta- 
bly on the circuit board. The print time can be reduced. 5 
thereby improving productivity. 

The entire disclosure of Japanese Patent Applica- 
tions No. 8-329758 filed on December 10, 1996 arx:l No. 
9- 134778 filed on May 26, 1997, including specification, 
claims, drawings, and summary are incorporated herein 10 
by reference in its entirety. 

Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and is 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 
therefrom. 20 

Claims 

1 . A solder paste printing apparatus wherein a squee- 
gee device moves in a printing direction to a surface 25 
(3a) of a mask (3) having openings farmed therein, 

^ thereby to print and apply solder paste (7) on the 

surface via the openings to a face of a circuit board 
i positioned at a rear face of the mask. 

said squeegee device comprising: 30 

a filling squeegee (10) having a front and (24) 
kept in a noncontact state via a gap (H2) to the 
.5 surface at the time of printing, and filling the 

solder paste into the openings while moving in 35 
the printing direction; and 
a scraping squeegee (14) arranged behind the 
filling squeegee in the printing direction, mov- 
ing in the same cfirection as the filling squeegee 
while keeping touch with the surface at the time 40 
of pririting thereby to remove unnecessary sol- 
der paste on the surface. 

2. A solder paste printing apparatus according to 
claim 1 . wherein the scraping squeegee is provided 4S 
for each direction behind the filling squeegee with 
respect to the printing direction in a case where the 
squeegee reciprocates to the surface of the mask. 

3. A solder paste printing apparatus according to so 
claim 2, wherein the filling squeegee is divkJed to 
two in the printing direction. 

4. A solder paste printing apparatus according to any 
one of claims 1 -3, further comprising an arigle set- ss 
ting device (502, 503) for setting the scraping 
squeegee so that an angle of the scraping squee- 
gee in an axial direction thereof to the surface of the 



mask is an optional acute or otstuse angla 

5. A soMer paste printing apparatus according to 
claim 4, wherein the scraping squeegee is inclined 
with the obtuse angle by the angle setting device. 

6. A solder paste printing apparatus according to 
daim 4, wherein the scraping squeegee is inclined 
with the acute angle by the angle setting device 
thereby to fill the solder paste into the openings as 
well as remove the unnecessary solder paste. 

7. A solder paste printing apparatus according to any 
one of claims 1-6, wherein the scraping squeegee 
is disposed so that an extending direction of a line 
of contact between the scraping squeegee and the 
surface of the mask intersects witii an extending 
direction of a side edge part defining one of the 
openings. 

8. A solder paste printing apparatus according to any 
one of claims 1-7, wherein a face of tiie filling 
squeegee opposite to the surface of the mask 
forms a filling pressuring face (25) which is inclined 
upward from the front end In the printing direction 
so as to press the solder paste to the surface and fill 
the solder paste to the openings. 

9. A solder paste printing apparatus according to 
claim 8, further comprising a filling adjustment 
device (11. 12) for ac^usting filling of the solder 
paste to the openings by varying at least one of a 
size of the gap and an intersection angle of the fill- 
ing pressuring face arKl the surface. 

10. A solder paste printing apparatus according to - 
daim 9, further comprising a filling pressure detec- 
tor (13. 532a. 532b) for detecting a change of a fill- 
ing pressure of the solder paste filled into the 
openings at the time of printing, and a control' 
device (48) for contrdiing the fflling adjustment 
device based on the filling pressure detected by the 
filling pressure detector. 

11. A solder paste printing apparatus according to 
daim 10. wherein the filling pressure detector is a 
reaction force detector (13) for detecting a reaction 
force which is a sum of the filling pressures of the 
solder paste acting to the whole filling pressuring 
face at the tinfie of printing. 

12. A sokier paste printing apparatus according to 
daim 10. wherein the filling pressure detector Is a 
pressure detector (532a, 532b} set at the fOlihg 
pressuring face for detecting the f illirig pressure of 
the solder paste directly. 

13. A sokler paste printing method comprising: 
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moving a filling squeegee (10) in a printing 
direction at time of printing while keeping a 
front end of the filling squeegee in a noncontacf 
state via a gap (H2) to a surface (3a) of a mask 
(3) having openings formed therein, thereby fill- 5 
ing a spider paste (7) on the surface to the 
operangs; and 

removing unnecessary solder paste on the sur- 
face by a scraping squeegee (14) moving in 
touch with the surface in the printing direction. 10 

14. A solder paste printing method according to claim 

1 3. wherein the scraping squeegee Is set so that an 
angle of the saaping squeegee In an axial direction 
thereof to the surtece of the mask Is an optional is 
acute or ot^tuse angle. 

15. A solder paste printing method according to claim 

14, wherein, when the scraping squeegee is set 
with the obtuse angle, the scraping squeegee 20 
removes the unnecessary solder paste without 
adversely influencing the solder paste filled in the 
openings. 

16. A solder paste printing method according to claim 25 
14. wherein, when the scraping squeegee is set 
with the acute angle, the scraping squeegee fills the 
solder paste to the openings as well as removes the 
unnecessary solder paste. 

30 

17. A solder paste printing method according to any 
one of claims 13-16. wherein the scraping squeer 
gee is set so that an extending direction of a line of 
contact between the scraping squeegee and the 
surface of the mask intersects with an extending 3S 
direction of a side edge part defining one of the 
openings. 

18. A solder paste printing method according to any 
one of claims 13-17. wherein a face of the filling 40 
squeegee opposite to the surface of the mask 
forms a filling pressuring face (25) which is inclined 
upward from the front end in the printing direction 

so as to press the solder paste to the surface and fill 
the solder paste to the openings. 45 

19. A solder paste printing method according to claim 
1 8, wherein a change of a filling pressure of the sol- 
der paste when the solder paste is filled by the fOl- 
ing squeegee to the openings at the time of printing so 
is detected by a filling pressure detector (13. 532a. 
532b), and at least one of an intersection angle of 
thefillingpressuringfaceand the surface and a size 

of the gap is adjusted based on the detected filling 
pressure, thereby to change printing condition. 55 
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